Expression of 150 kDa oxygen-regulated protein (ORP150) in cultured rat astrocvtes is induced by exposure to hvpoxia or hypoxia followed by reoxvgenation (1) . ORP150 has also been reported to be strongly enhanced in mouse brain tis sue subjected to ischemia, in macrophages of human ath erosclerotic plaques, and in infiltrating human breast can cer cells (1) (2) (3) . We previously cloned the human and rat ORP150 cDNAs (4) , and nucleotide sequence comparison revealed that they represent orthologs of Chinese hamster GRP170 (5, 6) and mouse CBP140 (7) Alignment of the deduced amino acid sequences of human ORP150, rat ORP150. and hamster GRP170 indicated over 90%, identity suggesting that they are functionally homologous proteins. Although the physiological function of these proteins is lit tle understood, their involvementt in protein folding, assem ble. and insertion into microsomal membranes in conjunc tion with GRP78 and GRP94 has been suggested (6, 8, 9) . Mammalian ORP150 or GRP170, along with Yeast Lhslp, have been proposed to belong to the same HSP70 subfamily (10). Lhslp is known to be involved in protein folding and protein translocation into the endoplasmic reticulum (ER) 117. 72). Although Lhslp is not essential for growth it map interact directly with Kar2p. the yeast counterpart of 1 The nucleotide sequence reported in this paper has been.ubmitted to the DDBJ under accession nomber AB009979 2 To whom correspondence should he add, Phone -81-897-37-7600.Fax: +81-897-35-2534. E-mail: hyanagi@sumitomopharm.co.jp Abbreviations: ER, endoplasmic reticulum; ERSE, endoplasmic reticulum stress response element; HIF-1, hypoxia-inducible factor 1. nt, nucleotide: ORP150, 150 kDa oxygen regulated proton, SRF serum response factor, UPR, unfolded-protein response: UTR, un translated region, ? 2000 by The .Japans, Biochemical Society. GRP78 , and modulate its activity (11).
In mammalian cells, both ORP150 and GRP78 are known to be ER-resident proteins, and are induced by treatment with tunicamvcin or 2-deoxvglucose, which causes ER stress, as well as by hypoxia or amino acid ana logs (azetidine or canavanine), but not by heat shock, hy drogen peroxide, or cobalt chloide (4 ) . The molecular mech anism of Kar2p/GRP78 induction has been well investi gated, and revealed to be controlled through the unfolded protein response (UPR) or ER stress response pathway con served from yeast to man (13) (14) (15) (16) (17) (18) (19) responsible for the transcription. When the luciferase gene was fused at +32 in exon lB (lines 11-13), deletion to nt -120 (line 12) also abolished the transcriptional activity despite the presence of the transcription start site from exon 1B. Furthermore. the region from nt -65 to +32 (line 13) did not show any activity. These findings suggested that only the region just upstream of exon I B was not sufficient for transcription from exon 1B.
To determine the sequence involved in transcription from exon 113, we examined the luciferase activity upon hvpoxia or tunicamvein treatment, because the transcription from exon lB was most markedly induced under such stress con ditions. The luciferase activity of the construct containing the region from nt -254 to +32 was dramatically induced by hypoxia or tunicamycin treatment (Fig. 3B. line 1) . On the other hand, deletion of the transcriptional start site of exon lB reduced the activity to only one-fourth (line 3), which should have represented the transcription from exon IA. Therefore, most of the activity driven by the region from nt -254 to +32 under stress conditions should have represented the transcription from exon 1B. However, the sequence just upstream region of exon 1B (nt -120 to 32) showed only weak activity even under the stress conditions (line 21, although it contains a cis-acting element for the hypoxic response (see below). Therefore, in addition to the just upstream region. a further upstream sequence (nt -254 to -121) seemed necessary for efficient transcription from exon 113, at least under stress conditions.
It is also worth noting that the activity of the entire region (nt -254 to +956) (Fig. 3A, line 3 induction of about 3-fold (lines 4 and 5). In addition, tan dem repeats of the HX30 fragment in both normal and opposite directions markedly enhanced the inducibility (lines 6 and 7) consistent with the known properties of enhancers. Thus the element required for the hypoxic response of the ORP150 gene appeared to be located within the 21-bp sequence (HX21). Interestingly, this sequence contains a stretch of 19-bp (Fig. 4C ) almost identical 1 base mismatch) with the recently identified ERSE (CC AATN"CCACG) for the human GRP78 gene (19) . These results strongly suggested the involvement of the ERSE like sequence in the hypoxic induction of ORP150.
Possible Trans-Acting Factors for the Hvpoxic Response A transcription factor, ATF6, was recently shown to acti vate the transcription of mammalian GRP78 and other GRP genes in an ERSE-dependent manner (19, 32) . As shown in Fig. 4D , cotransfection of an ATF6 expression plasmid with each of the reporter plasmids carrying the 21 bp sequence markedly enhanced the expression, without any external stress, to levels comparable to that obtained upon hypoxic induction (lines 1, 2, and 4-7). These results strongly suggested that the hypoxia-inducible expression of ORP150 is primarily regulated by ERSE and transcription factors including ATF6. Surprisingly, the 21-bp cis-acting segment identified above overlaps with the 5•OE-end of exon 1A (Fig. 1B) gene. I-LX21 and HX30 represent the regions used in the reporter as say (B and D) and a gel mobility shift assay (Fig. 5) These observations together with the previous findings that the stress inducibility and tissue specificity of ORP150 expi ion are quite similar to those of GRP78 (1) strongly suggest that hypoxic induction of ORP150 is dependent upon the UPR distinct from the HIF-1-mediated pathway. Consistent with this notion, the ORP150 gene contains no hynnxia-inducible enhancer element such as those found in human erythropoietin (24) , vascular endothelial growth factor (23) , and other hypoxia-responsible genes (22) . As regards the basal expression of ORP150 under non-stress conditions, another pathway distinct from the UPR path way could be involved in analogy with those of GRP78 and GRP94 regulated through a initogenic pathway (42) .
While little is known about the function of ORP150 att present, the selective accumulation in the ER with the stress-dependent increase in transcription from exon lB is quite consistent with the expected function in the ER to cope with deleterious ER stresses. Our observation that the ORP150 and GRP78 proteins in U373 cells can be coprecip itated with ORP150 antibodies (data not shown), as re ported for Chinese hamster ovary cells (6) . suggests their cooperative functioning as molecular chaperones in the ER. Furthermore, we raised the possibility of the different sub cellular localization of ORP150 based on the existence of multiple transcripts. The cytosolic ORPl50, whose niRNA was not induced significantly upon stress, might have a housekeeping function in the cytosol.
We arc gr olefin to S Hirose (National Institute of Genetics, Japan) for critical evaluation of the manuscript We thank H. Yoshida for providing plasmid pCMV-ATF6 and communicating his results prior to publication. We also thank K. Haze for the kind advice, and Dl. Nakayama. M. Ueda, H. Kanazawa, and S. Takahara for their technical assistance 7 Nared.
